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® Method of making paper. 

© Disclosed is a method of making paper and 
paper board using a starch urea phosphate, which 
has a gelatinization temperature of 35 - 55 ° C and 
contains phosphorus atoms chemically bonded to 
the starch in an amount of at least 0.4 % by weight 
and phosphorus atoms present as cold-water soluble 
phosphorous compounds in the starch in an amount 
of 0.1 % by weight or less. 
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METHOD OF MAKING PAPER 



FIELD OF THE INVENTION 

The present invention relates to a method of 
making paper and paper board using a modified 
spray starch in order to improve paper surface 
strength, web strength and/or plybond strength and 
the like. 



BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 is a Brabender Visco-Amylogram which 
shows the relation between temperature and vis- 
cosity to explain the gelatinization temperature 
of the starch. 

BACKGROUND OF THE INVENTION 

In making of paper and paper board, it is the 
usual practice to spray a slurry of starch granules 
to the wet web in order to improve the surface 
strength, web strength, and plybond strength of the 
paper and paper board. The starch granules en- 
trapped by the wet web are subsequently gelatin- 
ized by heat from the machine. 

Spray starch, which has been generally used in 
paper Industry, is roughly classified into two kinds. 
One is raw starch (for example, corn starch, potato 
starch, tapioca starch and the like) and the other is 
modified starch (for example, starch urea phos- 
phate, acetylated starch, and the like.). 

The raw starch has a higher gelatinization tem- 
perature than the modified starch and thus cannot 
be sufficiently gelatinized in paper machines cur- 
rently used. For example, the raw starch cannot 
sufficiently increase the plybond strength and thus 
causes ply separation of multiply paper board. In 
addition, since granule size of the starch is gen- 
erally small except for potato starch, the raw starch 
granules tend to pass through the web with the 
process water and hence decrease the retention of 
the starch granules sprayed in the wet web. As a 
result, problems have occurred in that sufficient 
strength can not be given to the paper board, the 
paper machine being stained, and the load of the 
waste-water treatment system being increased. 

The modified starch, particularly starch urea 
phosphate, usually has a gelatinization temperature 
which has been lowered from its original gelatiniza- 
tion temperature within the range of from 5 to 20 
°C and thus can be sufficiently gelatinized in a 
drying part of prevailing paper machines. Besides, 
the starch urea phosphate contributes to the im- 
provement of strength properties of paper and pa- 
per board, since starch urea phosphate sprayed in 



the wet web is excellently retained. It has been 
known, however, that the conventional starch urea 
phosphate has serious drawbacks. That is to say, 
the conventional starch urea phosphate frequently 

5 causes wire filling on a paper machine and thus 
leads to serious troubles, such as machine shut- 
down. In particular, when the pH of the pulp slurry 
is low, this phenomenon notably appears. The 
starch urea phosphate has been limited in use on 

70 account of this disadvantage. That is to say, it 
cannot be used in a paper machine operated in a 
low pH range, However, when it is necessary to 
maintain sufficient strength properties of paper and 
paper board, starch urea phosphate is of no use 

75 and in this case the paper machine must be fre- 
quently stopped to clean and change the wire. 
Such machine shut-down makes the paper making 
process costly. Commercially available starch urea 
phosphate which is commonly used contains phos- 

20 phorus atoms chemically bonded to the starch in a 
quantity of 0.3 to 1 .5 % by weight and phosphorus 
atoms present as cold-water soluble phosphorous 
compounds in the starch in a quantity of 0.15 to 
1.5 % by weight. Modified starches other than 

25 starch urea phosphate, for example acetylated 
starch, having a gelatinization temperature of 35 to 
55 ° C are sufficiently gelatinized in a dryer part of 
paper machine, but the starch retention in the wet 
web is extremely poor and the strength properties 

30 of paper and paper board are inferior to that ob- 
tained using starch urea phosphate. 



SUMMARY OF THE INVENTION 

35 

It is an object of the present invention to pro- 
vide a method of making paper and paper board 
using a slurry of ungelatinized starch granules for 
spraying which have a low gelatinization tempera- 
te ture, exhibit an improved retention in the wet web 
and give sufficient strength properties of paper (for 
example surface strength, web strength, plybond 
strength, and the like) without wire filling of the 
paper machine in a wide pH range of the pulp 
45 slurry. 

It has been ascertained from an elemental ana- 
lysis of substances stuck to the wires that the wire 
filling in the paper machine is brought about from 
the deposition of insoluble aluminum phosphate by 
so the reaction of cold-water soluble phosphorus-con- 
taining compounds in the starch with aluminum 
sulfate contained in the pulp slurry. In other words, 
it is important to reduce the content of cold-water 
soluble phosphorous compounds in the starch as 
far as possible. Furthermore, it has been discov- 
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ered that the strength properties of paper and 
paper board and the retention of the sprayed 
starch are improved as the content of phosphorus 
atoms bonded to the starch is increased. 

It has, also, been found that the paper strength 
is strongly related to the gelatinization temperature 
of the starch used. 

Thus, the present invention provides a starch 
urea phosphate for paper making which has a 
gelatinization temperature of 35 to 55 'C and con- 
tains phosphorus atoms chemically bonded to the 
starch in an amount of at least 0.4 % by weight, 
and phosphorus atoms present as cold-water solu- 
ble phosphorous compounds in the starch in an 
amount of 0.1 % by weight or less. 



DETAILED DESCRIPTION OF THE INVENTION 

It is essential that the content of phosphorus 
atoms chemically bonded with starch is 0.4 % by 
weight or more. The maximum content of phos- 
phorus atoms bonded with starch is not specially 
limited, but an increase of a quantity of phosphoric 
acid, salts thereof and the like added in a reaction 
mixture tends to increase the quantity of non-reac- 
ted phosphorous compounds in the starch, so that 
it is natural that the content of phosphorus atoms 
does not exceed 5 % by weight. On the other 
hand, if the content is less than 0.4 % by weight, 
sufficient retention of starch granules sprayed in 
the wet web cannot be achieved and excellent 
strength properties of paper cannot be given to the 
paper. The content of phosphorus atoms chemi- 
cally bonded to the starch is preferably 0.4 to 3 % 
by weight. 

In addition, it is essential that the starch urea 
phosphate contains phosphorus atoms present as 
cold-water soluble phosphorous compounds in the 
starch (e.g. sodium-, potassium- or ammonium salt 
and the like of phosphoric acid, phosphorous acid 
and the like) in a content of 0.1 % by weight or 
less. If the content is more than 0.1 % by weight, 
insoluble substances are formed in the pulp slurry 
to cause wire filling on the paper machine. The 
term "cold-water" herein is water having a tem- 
perature of less than room temperature. 

In addition, the gelatinization temperature of 
the starch urea phosphate according to the present 
invention is 35 to 55 ° C, preferably 40 to 50 ° C. If 
the gelatinization temperature is lower than 35 ° C, 
the starch granules stored in a storage tank may 
be unnecessarily gelatinized because the tempera- 
ture often rises to a value above 35 °C during 
storage. If the gelatinization temperature is higher 
than 55 ° C, the starch granules do not gelatinize 
sufficiently during the prevailing drying process of 
the paper machine. 



The method of producing the starch urea phos- 
phate according to the present invention is ba- 
sically conventional. 

The method, however, must be slightly modi- 

5 tied in order to satisfy the claimed ranges. If a dry 
method wherein starch is mixed with a combination 
of phosphoric acid or a phosphate and urea and 
then heated is selected, its reaction conditions are 
made more severe than those of the prevailing 

10 process. Thus, the reaction is conducted at a tem- 
perature of 80 - 150 * C for 30 minutes to 5 hours, 
using 2 to 20 parts by weight of urea and 1 to 15 
parts by weight of phosphoric acid or a phosphate 
based on 100 parts by weight of the starch. 

75 The starch used as raw material in the present 

invention includes corn starch, tapioca starch, po- 
tato starch, sweet-potato starch, wheat starch and 
the like. In addition, it may be partially and/or 
perfectly (completely) subjected to a treatment of 

20 esterification, etherification, oxidation and the like. 

In the method of the present invention, phos- 
phoric acid or a phosphate to be used is not 
specially limited, but phosphoric acid, phosphorous 
acid and primary, secondary and/or tertiary 

25 sodium-, potassium- and/or ammonium salts there- 
of can be used. 

In addition, acids other than the above de- 
scribed phosphoric acid, salts thereof and the like 
can be used together with the phosphoric acid and 

30 phosphates. For example, hydrochloric acid, sulfu- 
ric acid, nitric acid, sulfamic acid, maleic acid, 
succinic acid and acetic acid and salts thereof can 
be used. Also oxidizing agents can be used. For 
example, hydrogen peroxide, ammonium persulfate 

35 and the like can be used. 

When the starch urea phosphate according to 
the present invention is sprayed onto the wet web, 
it can be used together with raw starch, 
polyacrylamide, polyvinyl alcohol, 

40 polyethyleneimine, polyethyleneoxide and the like. 

As to the method of spraying in the present 
invention, in preferred practice on the wire part of 
the paper machine, the starch slurry having a con- 
centration of about 0.1 to 5 % is sprayed onto the 

45 paper and paper board web by means of spray 
nozzles fixed in a spray pipe mounted across the 
wire. Subsequently, the sprayed wet web is de- 
watered by suction and pressed to dewater, fol- 
lowed by drying in a dryer to obtain the paper, 

50 paper board and the like. In the laboratory in the 
same manner as in the usual case, pulp slurry of 
which freeness is adjusted by a laboratory beater is 
placed in an experimental paper machine and de- 
watered to make web. A starch slurry is sprayed 

55 onto the web. A second wet web is placed on the 
sprayed side of said wet web. The combined web 
is dewatered by suction to 80 % water content, 
pressed for further dewatering, and dried on a 
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drum dryer at a desired temperature to obtain the 
paper and paper board. 

In the present specification, the gelatinization 
temperature is the temperature at which a tangetial 
line of the temperature/viscosity curve of the 
Brabender Amylogram left from the base line first 
makes an angle of 45 * against the base line, as 
shown in Fig.1. In this case, the starch-concentra- 
tion is set at 25 % by weight. 

The present invention provides a starch suit- 
able for paper making. The starch does not deposit 
insoluble substances on the wire even in a pulp 
slurry having a low pH, thus effectively preventing 
wire filling on a paper machine. 



EXAMPLE 

The present invention will be illustrated in more 
detail with reference to the preferred examples. 
However, the present invention is not limited by 
these preferred examples. 



Production Example 1 

10 parts urea were dissolved in 10 parts water 
and the resulting solution was stirred together with 
2.7 parts of 75 % phosphoric acid followed by 
spraying the resulting solution in 100 parts corn 
starch with mixing. The resulting mixture was heat- 
ed and reacted at 140° C for 3 hours in a hot air 
drier. The gelatinization temperature of the reaction 
product was 41 ° C which was measured by the 
Amylograph at a starch-concentration of 25% by 
weight. 

The quantity of phosphorus atoms which are 
bonded to the starch was 0.66 % by weight based 
on the dry product and the quantity of phosphorus 
atoms present as cold-water soluble phosphorous 
compounds in the starch was 0.08 % by weight, as 
the result of an elemental analysis. Hereinafter this 
product is referred to as product A. 



Production Example 2 

10 parts urea were dissolved in 10 parts water 
and the resulting solution was stirred together with 
2.2. parts 75 % phosphoric acid followed by spray- 
ing the resulting solution overloo parts tapioca 
starch with mixing. The resulting mixture was heat- 
ed and reacted at 140 ° C for 2.5 hours in a hot air 
drier. The gelatinization temperature of the reaction 
product was 45° C. 

The quantity of phosphorus atoms which are 
bonded to the starch was 0.51 % by weight (based 
on the dry product) and the quantity of phos- 



phorous atoms present as cold-water soluble phos- 
phorous compounds in the starch was 0.06 % by 
weight (based on the dry product) as the result of 
an elemental analysis. Hereinafter this product is 
5 referred to as product B. 



Production Example 3 

w 10 parts urea were dissolved in 10 parts water 

and the resulting solution was stirred together with 
1.9 parts 75 % phosphoric acid followed by spray- 
ing the resulting solution over 100 parts hydrox- 
yethylated corn starch with mixing. The resulting 

15 mixture was heated and reacted at 140 °C for 3 
hours in a hot air drier. The gelatinization tempera- 
ture of the reaction product was 42° C. The quan- 
tity of phosphorus atoms which are bonded to the 
starch was 0.43 % by weight (based on the dry 

20 product) and the quantity of phosphorus atoms 
present as cold-water soluble phosphorous com- 
pounds in the starch was 0.06 % by weight (based 
on the dry product) as the result of an elemental 
analysis. Hereinafter this product is referred to as 

25 product C. 



Production Example 4 

30 8 parts urea were dissolved in 8 parts water 

and the resulting solution was stirred together with 
1 .7 parts 75 % phosphoric acid followed by spray- 
ing the resulting solution over 100 parts corn starch 
with mixing. The resulting mixture was heated and 

35 reacted at 140°C for 2.5 hours in a hot air drier. 
The gelatinization temperature of the reaction prod- 
uct was 53° C. 

The quantity of phosphorus atoms which are 
chemically bonded to the starch was 0.42 % by 

40 weight (based on the dry product) and the quantity 
of phosphorus atoms present as cold-water soluble 
phosphorous compounds in the starch was 0.08 % 
by weight (based on the dry product) as the result 
of an elemental analysis. Hereinafter this product is 

45 referred to as product D. 



Example 1 

50 Aluminium sulfate was added to 375 mi of a 1 
% pulp slurry of a needle-leaved tree breached 
kraft pulp (NBKP) having a freeness (CSF) of 340 
ml in a quantity of 1.0 % based on the pulp and 
the resulting mixture was diluted until 0.03 % in an 

55 experimental square type paper machine (25 cm x 
25 cm). Then, the diluted mixture was dewatered to 
produce a web and stopped at a point of time 
when the level of water of the pulp slurry reached 2 
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cm over the wire, followed by spraying a 1 % 
slurry of starch shown in Table 1 over the pulp 
slurry surface, so that the starch will be applied in 
a quantity of 2 g/m 2 based on the dry product. 
Then, the dewatering was started again to obtain a s 
wet web (having a basis weight of 60 g/m 2 ) as a 
first ply. Next, a wet web (NBKP/LBKP/waste cor- 
rugated paper board = 50/20/30; CSF = 390 ml; no 
starch applied) as a second ply obtained in the 
same manner as said wet web as the first ply was 10 
put upon the surface of the first ply, to which the 
starch had been applied, and then subjected to 
dewatering by suction and by pressing, followed by 
heating at 75 *C for 60 seconds in the cylinder 
drier, whereby a sample was obtained. 75 

The plybond strength and the retention of 
starch of this sample were measured by the follow- 
ing methods: 

20 

1) Plybond strength (90° separation method) 

One side of the test piece (10 cm x 1 cm) was 
adhered to a metallic plate from which the aimed 
layer was previously separated by 2 to 3 cm and 25 
then pulled in the direction of 90 ° by means of 
the tensile tester to carry out the separation, 
whereby measuring the resisting force. 



2) Retention of starch 

Provided that a quantity of starch contained in 
the product determined by the Anthrone's sulfuric 
acid method is A and a quantity of starch sprayed as 
is B, the retention of starch was calculated by the 
following equation: 

Retention (%) = [A(g/m 2 )/B(g/m 2 )] x 100 



5 
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It was found from Table 1 that the starch 
having the gelatinization temperature of 60 °C or 
more showed an unsatisfactory value in view of the 
plybond strength. In addition, the starch urea phos- 
phate containing phosphorus atoms bonded with 5 
starch in a quantity of 0.36 % or less and having 
the gelatinization temperature of 42° C, or the 
starch of which a gelatinization starting temperature 
was reduced by the acetylation and the like, exhib- 
ited an improved strength in comparison with the w 
starch having the gelatinization temperature of 
60 "C or more; it is, however, still insufficient. The 
starch urea phosphate including starch according 
to the present invention having the reduced gela- 
tinization temperature and containing phosphorus js 
atoms bonded with starch in a quantity of 0.42 % 
or more only exhibited the satisfactory plybond 
strength. 

On the other hand, potato starch or modified 
starch therefrom and the starch urea phosphate 20 
including starch according to the present invention 
containing phosphorus atoms bonded with starch in 
a quantity of 0.42 % or more exhibited the superior 
value in view of the retention of starch. 

It is found from the above that only the starch 25 
urea phosphate including starch according to the 
present invention having the reduced gelatinization 
temperature and containing phosphorus atoms bon- 
ded with starch in a quantity of 0.42 % or more 
exhibits satisfactory results in view of both plybond 30 
strength and retention of starch. 



Example 2 

~ 35 
Starch shown in Table 2 was sprayed between 
the first ply (pH 4.3) and the second ply (pH 6.5) in 
a quantity of 2 g/m 2 on a cylinder machine (web 
width: 1,660 mm; paper velocity: 96 m/min) to 
obtain white paper board having a basis weight of 40 
450 g/m 2 . 



Example 3 

45 

Starch shown in Table 3 was sprayed on a 
pulp slurry having a pH of 4.4 on the wire in a 
quantity of 0.5 g/m 2 on a foundrinier paper machine 
(web width: 3,700 mm; paper velocity: 420 m/min) 
to obtain mechanical paper having a basis weight 50 
of 82 g/m 2 . 
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As shown in Table 2, all of the starch urea 
phosphate including starch according to the 
present invention containing phosphorus atoms 
bonded with starch in a quantity of 0.42 % or more 
exhibited the superior plybond strength in compari- 
son with cornstarch. However, the starch urea 
phosphate of which a cold-water soluble phospho- 
rous compounds contains phosphorus atoms in an 
amount of 0.14 % by weight or more, i.e. the urea- 
phosphated starch outside the claimed range, 
brought about the wire filling within 3 to 10 days 
and therefore the machine had to be stopped and 
cleaned. On the contrary, the starch according to 
the present invention did not bring about the wire 
filling even after the continuous operation of one 
month or more. 

The starch according to the present invention 
can exhibit satisfactory properties in view of both 
plybond strength and the wire filling and thus it can 
be said to be the ideal spray starch. 

Merely product B (having a gelatinization tem- 
perature of 45° C and containing phosphorus atoms 
bonded with starch in a quantity of 0.51 %, of 
which a cold-water soluble phosphorous compound 
had phosphorus atoms of 0.06 % by weight), ex- 
hibited superior results in various kinds of physical 
properties shown in Table 3 and did not bring 
about the wire filling. 



Claims 

1. A method of making paper and paper board, 
comprising the steps of spraying a slurry of un- 
gelatinized starch granules to a wet web of paper 
fibers, dewatering said web, and heating said web 
to assist the gelatinization of the starch granules, 
wherein said starch granules are starch urea phos- 
phate granules, which have a gelatinization tem- 
perature of 35 - 5°C and contain phosphorus 
atoms chemically bonded to the starch in an 
amount of at least 0.4% by weight and phosphorus 
atoms present as cold-water soluble phosphorous 
compounds in the starch in an amount of 0.1 % by 
weight or less. 

2. A method according to Claim 1 wherein the 
amount of the phosphorus atoms chemically bon- 
ded to said starch is within the range of 0.4 to 3 % 
by weight. 

3. A method according to Claim 1 wherein said 
gelatinization temperature is within the range of 40 
to 50° C. 

4. A method according to Claim 1 wherein said 
granules are prepared by mixing 100 parts by 
weight of raw starch with 2 to 20 parts by weight of 
urea and 1 to 15 parts by weight of phosphoric 
acid or a phosphate thereof, and then reacting at 



80 - 150° C for 30 minutes to 5 hours. 

5. A method according to Claim 4 wherein said raw 
starch is selected from the group consisting of corn 
starch, tapioca starch, potato starch and wheat 

5 starch. 

6. A method according to any of the preceding 
Claims in which said starch granules are sprayed 
to the wet web in an amount of 0.2 - 20 g/m 2 . 
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Fig. I 

Brabender Visco-Amylogram of the starch 
at 25% of concentration by weight 
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